can play an important role as functional food, especially if specially designed mixtures enriched with ω-3 fatty acids, natural pigments and vitamins are used for their production. Thus, the aim of this study was to investigate the effects of inclusion of flax-corn meal co-extrudate (FCM) in combination with natural pigments in hens' diet on physical properties, yolk colour and fatty acid composition of eggs. One hundred and twenty Lohmann Brown laying hens were fed corn-soybean meal based diet with the addition of FCM at different levels: 0% (control C1 and C2), 13.50% experimental treatment (E1) and 22.50% experimental treatment (E2). The control treatment (C1) contained up to 3% fat, without added pigments while the control treatment (C2) contained up to 5% fat and synthetic pigments. Experimental treatments E1 and E2 (3% and 5% fat, respectively) had the same amount of natural pigments (1% carrot and 0.5% paprika). When compared with control eggs, no significant changes (p>0.05) in the egg quality characteristics were observed for E1 and E2 eggs. Desirable egg yolk colour of 12.78 RYCF (Roche Yolk Colour Fan scale) was achieved in the treatments E1 and E2. Eggs from hens fed FCM had significantly higher level (p<0.001) of α-linolenic (6.46% for E1 and 8.87% for E2), docosahexaenoic (2.01% for E1 and 2.08% for E2) and eicosapentaenoic (0.17% for E1 and 0.21% for E2) acids in comparison to eggs originated from hens fed control diets. The ω-6/ω-3 ratios of 1.43 and 1.01 in the treatments E1 and E2, respectively, were significantly lower (p<0.001) than ω-6/ω-3 ratios in the control treatments C1 and C2 (9.40 and 8.88, respectively). The content of tocopherol in eggs from the experimental treatments E1 and E2 were 6 and 8 times higher than in eggs from the control treatment C1 as well as 1.8 and 2.3 times higher than in eggs from the control treatment C2, respectively. By the addition of FCM and natural pigments in hens' diet, it is possible to produce functional egg with desirable colour and fatty acid composition.
INTRODUCTION
Nowadays there are numerous scientific research related to food and its health benefits, as well as relation between consumption of some functional food and the reduction of the risk of serious chronic diseases. According to definition, the term functional food is described as food which contains active compounds that further have positive influence on physiological processes in organism and beneficial effects on human health. The functional food has to contain higher amount of some compounds, which positively influence human health. In the case where it isn't naturally contained in sufficient amount, functional food must be further enriched with these compounds. Since ancient time, eggs have been considered as very valuable food source, which is, due to its low price, worldwide consumed and available. Nutritive profile of eggs can be easily enriched with omega-3 polyunsaturated fatty acid (ω-3, PUFA), minerals and vitamins by addition of these compounds in laying hen diet.
During the last few years, many studies have shown that some specific compounds that have positive health influence could be transported from laying hen diet to yolk (Bean and Leeson, 2003 ; Khan et al. 2012 ) and increase in human nutrition as well. This is of high interests, since omega-3 PUFA of long chain have shown variable positive effects including prevention of cardiovascular diseases, arthritis and diabetes (Simopoulos, 2000; Wang et al. 2004 ). α-linolenic acid (ALA, C18: 3n-3), eicosapentaenoic acid (EPA, C20: 5n-3) and docosahexaenoic acid (DHA, C22: 6n-3) are the most important ω-3 PUFA. ALA is a very important fatty acid (FA), precursor for EPA and DHA synthesis, which cannot be synthesized in human body and the only way for its intake is through food (Whelan and Rust, 2006) . Because of that this fatty acid is called essential and considering the small and insufficient synthesised amounts of EPA and DHA, these acids are called conditionally essential fatty acids and it is necessary to take it additionally through food. These compounds have multiple roles in the proper functioning of the human body. They are responsible for proper child brain development, resistance to different allergies, autoimmune disease, cardiovascular problems and inflammatory processes (Sierra et al., 2008) .
One of the solutions to produce functional eggs is adding a flaxseed or its products in laying hens diet. Despite its high nutritional value, flaxseed is insufficiently used in animal feed production due to the presence of antinutritional factors, primarily cyanogenic glycosides (Htoo et al., 2008) . Thermal processes that use heating with addition of water or steam such as pelleting, extruding, autoclaving and microwaving are mostly used for detoxification of flexseed (Htoo et al., 2008 , Ivanov et al., 2012 . After thermal treatment, obtained product is sensitive to oxidation processes and polymerization. Therefore, in order to protect the product it is necessary to add antioxidants, vitamin E and different polyphenolic compounds (Tepe et al., 2005 , Kulisić et al., 2004 .
Although yolk colour has no influence on the taste of the egg or on the content of nutritional compounds, the yolk colour is one of the most important attributes of sensory quality, and many consumers rather prefer eggs with darker yolk colour. The yolk colour also depends on laying hen diet and it can be affected by carotenoid addition. Since higher amount of carotenoids have shown numerous positive influence on health, eggs are considered as foodstuff which is very suitable for the transfer of carotenoids in the human chain food (Skrivan and Englmaierova, 2014) .
The main goal of the present study was to investigate the possibility of designing functional eggs by incorporating to hens' diet flaxseed products as a source of ω-3 fatty acids and natural pigments as co-louring agents and to determine their effects on egg quality parameters and yolk colour.
MATERIALS AND METHODS
The feeding trial was conducted on 120 Lohmann Brown laying hens for one month. Hens were divided into four treatments (2 control and 2 experimental) with a total of thirty hens. The birds were housed in wire cages with feed and water available ad libitum. The samples were collected on 30 th day of the experiment.
The laying hens in control treatments were fed corn-soybean meal basal diet. In the first control treatment C1 (which contained up to 3% fat) pigments were not added, while the second control treatment C2 (with 5% fat) contained synthetic pigments (0.04 g/kg carophyll red and 0.015 g/kg carophyll yellow). In the first experimental treatment (E1) 13.50% of flax-corn meal co-extrudate (FCM) was added (3% fat), while in the second experimental treatment (E2) 22.50% of FCM was added (5% fat). In the both experimental treatment, total fat content originated from FCM. Table 1 .
Chemical analysis
The content of moisture, crude protein, crude ash, crude fat, and crude fibre were determined according to AOAC (1998), methods 934.01; 978.04; 942.05: 920.39 and 978.10, respectively.
Fatty acid analysis
The extraction of total lipids from egg yolk was conducted according to the method of Folch et al. (1957) . Fatty acid methyl esters were prepared from total lipid extract using 14% methanol solution of bortrifluoride. Analysis of fatty acids in the samples was performed by gas chromategraphy on an Agilent 7890A system (Agilent Technologies, Santa Clara, CA, USA) as described by Spasevski et al. (2016) . The GC regime was previously described by Čolović et al. (2015) .
Analysis of total tocopherols in egg yolks
After the saponification of samples with aqueous solution of KOH (3 mL) and 95% ethanol (20 mL), total tocopherols from egg yolk were extracted with cold deionized water and hexane. The obtained samples were analysed by high pressure liquid chromatography (Waters M600E, USA). The HPLC regime was set according to Rabrenović et al. (2016) .
Visual and instrumental methods for determination of yolk colour
The colour of the egg yolks was determined visually and instrumentally. Visual colour determination was carried out with the RYCF scale (Hoffmann-La Roche Ltd, Basel, Switzerland), where the colour values range from 15 (dark orange) to 1 (light pale). A Minolta Chroma Meter (Model CR-400, Minolta Co., Osaka, Japan) was used for instrumental measurement of yolk colour. The results are presented according to the CIELab colour system, where the colour values were expressed as L* (lightness), a* (redness/greenness) and b* (yellowness/blueness). The content of β-carotene was determined by the spectrophotometric method according to Spasevski et al. (2016) . Acetone was used for extraction and the results were expressed as μg of β-carotene per g of the sample.
Statistical analysis
The results (mean ± standard deviations) were expressed by one-way analysis of variance (ANOVA) using Statistics software version 13 (Statsoft Inc. 2013, USA). Significant differences among treatment means were analysed by Tukey's HSD tests. The data means were considered significant at p <0.05. Table 3 . After 30 days of feeding trial, the values obtained according to RYCF, βcarotene content and redness (a*) were significantly higher (p <0.05) in both experimental treatments (E1 and E2) compared to control treatment C1, and signifycantly lower (p <0.05) compared to control treatment C2 (except content of β-carotene). However, no changes in yellowness (b*) and lightness (L*) index were observed between the treatments. β-carotene content which was the highest in eggs from hens fed control treatment C2 (containing synthetic pigments) accounted to 55.15 μg/g. This level of β-carotene was higher but not statistically significant (p>0.05) than that following the experimental treatments E1 and E2. Similar results obtained in both experimental treatments indicated that colour of egg yolk did not depend on the addition of co-extruded flaxseed (13.50% in E1; 22.50% in E2) in laying hens diet but only on carrot and paprika addition. The fatty acid composition of egg yolk is shown in Table 4 . As it can be seen, with the addition of FCM in hen´s diet, the content of total saturated fatty acids, SFA (C14:0, C16:0, C18:0) was significantly lower (p<0.01) in the experimental treatments E1 (28.78%) and E2 (30.10%) in comparison with the control treatments C1 (40.21%) and C2 (38.97%), which is highly desirable concerning their negative effects on human health. This reduction of SFA in egg yolk can be explained by the reduction of palmitic acid, which is the major SFA. The content of other SFA was not significantly different (p>0.05), except for stearic acid in the experimental treatment E1 in comparison with C1 and C2. These results are in accordance with previous research data However, the addition of FCM in hen´s diet resulted in a significant increase (p<0.001) in the content of total monounsaturated fatty acids, MUFAs (C18:1) and polyunsaturated fatty acids, PUFAs (C18:2ω-6, C18:3ω-3, C20:5ω-3 and C22:6ω-3) in egg yolks. Reduction of linoleic acid content in egg yolks has been one of the aims of this study. Higher amount of ω-6 fatty acids is not desirable because these FA are involved in competition for enzymes. This competition reduces the efficiency of ALA conversion into EPA and DHA as the ratio of LA/ALA increases (Fraeye et al., 2012) .
RESULTS AND DISCUSSION
The addition of flax co-extrudates into the hens' diet resulted in a significant increase (p <0.001) in the content of desirable ω-3 fatty acids (ALA, EPA and DHA) in egg yolks. After 30 days of feeding trial, the content of α-linolenic acid in yolks from the experimental treatment E1 (with the share of co-extrudates in the diet at 13.50%) was 6.46%, which is 8.4 times higher than that in the control treatment C1 (0.77%) as well as 6.6 times more than that in the control treatment C2 (0.98%). The level of α-linolenic acid in the experimental treatment E2
(share of co-extrudates in the diet at 22.50%) was found to be 8.87%, which is 11.5 and 9 times higher in comparison to the control treatments C1 and C2, respectively. The same trend was observed in other studies (Hayat et However, as Simopoulos (2009) stated, the critical fatty acid efficiency factor is not the absolute amount of omega-6 and omega-3 fatty acids but their ratio. This ratio is more favourable when it approaches 1:1 ratio. The ratio of ω-6/ω-3 fatty acids being less than 4:1 increases the conversion rate of EPA and DHA from ALA (Simopoulos, 2001 As already stated, flaxseed is very sensitive to oxidation and polymerization after the thermal process, and therefore, needs to be protected with the addition of antioxidants such as vitamin E (Tepe et al.
2005, Kulisić et al. 2004 ). As shown in Figure 1 , the content of tocopherols linearly increased in egg yolk with an increase in FMC in the diet of laying hens.
Total tocopherol content was significantly higher (p<0.05) in yolks from the experimental treatments E2 (with 5% fat) compared to the experimental treatments E1 where hens were fed 3% fat. The increment in the content of tocopherols was expected since these vitamins are soluble in fats and they increase with a share of FCM in the diet. The content of tocopherols was 6-fold higher in yolks from the experimental treatment E1 than that from the control treatment C1 and 1.8-fold higher than that from the control treatment C2. The content of tocopherols was 8 times higher in yolks from the experimental treatment E2 as compared to the control treatment C1 i.e. 2.3 times higher than the control treatment C2. These results are in accordance with Hayat et al. (2010) . According to Hayat et al. (2009) , consuming 2 eggs from laying hens fed with flaxseed supplemented with 150 UI of tocopherol, can provide 11 mg of tocopherol in human nutrition, which represents the recommended daily intake of this vitamin.
CONCLUSIONS
The inclusion of flax co-extrudates into the hens' diet did not negatively affect any of the egg quality parameters. FCM in combination with the addition of natural pigments (1% carrot and 0.5% paprika) gave the desired value of yolk colour of 12.78 according RYCF. The addition of functional product FCM in hen's diet significantly decreased the content of saturated and increased the content of desired ALA, EPA and DHA, as well as tocopherols in the experimental treatments in comparison with control treatments. Concerning the current trends and consumer demands for balanced and healthy foods, it can be concluded that functional eggs enriched with flaxseed products as a source of ω-3 fatty acids and natural pigments as colouring agents are ideal food. Eggs enriched with natural pigments, ω-3 fatty acids and tocopherols can be produced with minor changes in the diet of laying hens without adversely affecting the production and technological parameters of egg quality.
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